
18:1 Solving 1st order ODE systems
? We will need to recast systems of ODEsin

terms of matrices
X, =X ,  +2x2 ( x ) ' :  1 :

3 2

o he heed to be able to recast higher arder odEs
in 1st order ODE Systems

EX Conut y 14) +3y"- sin (t) y'+8y = t'
with y lo)=1, y'Col=2, y'Co)=3, Y''(o) = 4

(i) diff'tX, =y ? x, '=y'
chart X== y' X'=y".

×3=y"
Xy=y"' ?? = ?(4)

fil sob the RHS to replace y's with X's.
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solving 1st ander Linear Systems of ODES

Fi rs t  we cons ider  an  uncoup led  sys ta ,  in ,
l A  m a t r i x  i s  d i a g n e l

X,
- 4 X,

6 X3,
X3

= X ,

x3' = 6x3
Fros chate we know via separation of vars

Xe(E) = De"t

? In linear algebra there is a matrix IP that
is composed of eigenuede of A such that

D  =  P - 'AP
which connetsconnets A into a diagonal matrix

Whoes entries are the eigenvalues of fA
S o

0 0

1 2 0
n



? When you work project 3 you will learn that (3)

your oDEs, X"= IAX can be altered
by the u-sub ?=??
Then inserting these into X'=AX yeilds

? Assuming iP is i vertible, IP 'exists, we
can multiply the egn by P" from the
Left

? '  =  ? - ? - I P Ù
"I f  we p ick  I  to  be  loaded wi th  e .  vec tors

t h e  w e  k n o w P I A P  i s  D
=1, u,

?  =  ? ?

o  W e  c a n  s o l v e  t h i s
CU, (t) = c,e

d,t

break ?,"I . E . Ulé
crut =1242

. ? =X"iUn.

U n i t )  = c u eAnt



I n  m a t r i x  ( v e c t e r )  f o r m
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g e n e a l  s o l u t i o
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dits det Anto
n , t & e M a t . . t h e

To Solve We do the following
( Find the eigen values & eigenvecters of lA
(1) Farm the general solution: f=Ecie

the I. C. 7(0) 16(E) Apply the FiCe Xo s than the specif sole



We found  t ha t  f o r  IA=  (32 )
the e. values whe 1, =1, 1=4 and the
corresponding e vectors were die (i) In: (3)

Usiny this knowledge, solve the IUP
x, =x,+2X2
x2=3X,+2X2 w / X, (0) = 6

X, (0) =7

6) matrix fam (x)' = ( 3 1(5: 41760) =(4)

(ci) general solute 4t

(ins) Apply the I.C.

(4)  = c.  (4)  +6(3)
1B

62x2systems C .  6 + 6 3 ?  ( 5 ) :  ( 4 3 / 8 )
? Lets use interse matrices

3 = 2 ( 4 )
1?3-(-1)(2)

1B-

1 3 ? 6  + - 2 . : 1

1 - 6 + 1 . 7

415
1 3 / 5 -



the spectic solution is ther

X'(+)=4 33)
Test this solution: instritoThe systen = 1AX

L'HS: *'(6) =*(ié (4) +13.45e4(3)
1-4/set + 104e"*

156 e"

LHS of X'=lAX
R H S :  = 3 )

+ z e

1(967+246) +2176+392463. (101900) + 2(401953

=

Test I.C, %t.
$ + 39



? Boss Format (parametric eçn format)

Typically the bors does not appriciate rector for
So the specific solutin can be broken ail

the X (t) = 5e t -(1+13 4t( 3 )
becomes 4te

39-e" t
coupled scata
equations

?  I n d i v i d u a l  p l o t s  u s  t i m ex, (t) * ( + )

(6,0) (7,0)

*  €

phase portrait
eigen line:
# :1 <O
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s lo t
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Project 4
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future trajector y

of solution
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trajectorier

X,

past trajectory
I C # 2

q u a s i - s t a b l e  p l o t



Q : How d o H i e C 1 4 prr v e t s M a n ;

cles o n t h e Xi VS. X,  Pkrm meme p lo t We peat
Jovked Fm d e m o s2

6 FistsmeO b s a v e h n sf a panse?y

Recall Ax ?AX lyot
i n g o t o u t y u k



Comments:

1 .  I f  XC t )  IP (E )  a re  So la t i ons  t o  X '=AX
then so is  thei r  l inear  combinat ion

2. Define # = (XX/In) when
X'= ADi ie, 8 is colmns of solutions.

3. If WEdet) Swoustian) is non zero

hepladent solution rectors and me
call the set The Fundamental Solutions
o f  the  Sys t .  X '= lAx

4. I f  W=O we can try to el immate some
solution rector and seck. further solütion's
I f  w e  f a i l  t o  a c h e r v e  - s o l u t i o n s
then seck more Lin. Indep. salutions

summary:Tha
7; are Lin. Incependent iff i x: li= is Fundamantal it W70


